In this work we present results that show the effect of the type of mating surfaces, the doping elements in the DLC coatings, the type of the base oils and the additives used on the tribological performance of the boundary lubricated DLC coatings. We discuss the results in terms of various physical and chemical effects and we present some recent results of surface analyses under different temperature regimes.
INTRODUCTION
Diamond-like carbon (DLC) coatings are nowadays used in many applications with the aim of reducing friction and wear. The main reason for their use is their beneficial effect on tribological performance under various non-lubricated conditions [1] [2] [3] [4] . However, in practice, many mechanical components need to operate under lubricated conditions, and there is still a lack of understanding of the lubrication mechanisms that involve DLC coatings. The major uncertainty in the lubrication performance of DLC coatings is their "inertness", which raises several questions about whether they are actually able to provide "boundary lubrication" by interacting with oils and additives or whether they are just a "passive member" in the contact, and as such interacting only with the mating surfaces. It is reasonable to expect that the tribological behaviour in steel/DLC or DLC/DLC contacts will be very different since in the first case, at least one side (steel) of the contact is similar or the same as in conventional contacts and is therefore prone to react with oils and/or additives according to known metal-lubrication theories [5] . On the other hand, in the self-mated DLC contacts, both contacting surfaces possess the above-mentioned properties that are typically considered as "inert", and so only these contacts could provide answers about the actual lubricating ability of DLC coatings without any interference of the steel (metal) counter body on the tribological performance.
In addition, the many different types of DLC coatings, base oils and additives make understanding the mechanisms even more difficult. Complex chemical interactions between the various additives and/or the different coatings (doped, nondoped) [6] and/or the counter-metal materials in contact [7] , as well as the effects of different base oils [8] and the physical properties of the oils used in experiments, could be an important factor for the results from different loading conditions and regimes.
The base oil polarity and saturation characteristics play a major role in conventional boundary lubrication processes, therefore, a tribological investigation of the effects of polar characteristics and saturation of molecules of different base oils on the tribological behaviour of DLC coatings under boundary lubrication conditions is also needed to reveal their effects and basic lubricating mechanisms more in detail.
RESULTS AND DISCUSSION
In our previous work [6] , a clear and substantial effect of the different doping elements, and various oil additives was found by using different types of DLC coatings, Figure 1 . Moreover, when base oils having different polarity and saturation characteristics were investigated [7] , the higher amount of non-saturated bonds and polar components strongly enhanced the tribological properties in contacts with DLC coatings, Figure 2 . It should be stressed that pure DLC/DLC contacts were in investigated in these studies, thus these results are the effect of the interaction between the oils and additives used and the coated surfaces only, without interference of the other materials, like steel, for example. Accordingly, many surface analyses have been performed in terms of EDS, SEM, micro-FTIR, Raman and XPS, however, significant chemical changes are seldom found. Therefore, the basic question still remains: what are the lubrication mechanisms and what are the factors that affect them the most? Accordingly, the effects and parameters with relevant results from performed experiments in last years will be discussed. 
CONCLUSIONS
In all the coated contacts, irrespective of the type of coating, the wear significantly decreased when the additives were added to the base oil.
Metal and non-metal elements used in doped DLC coatings further improved the boundary-lubricating effect of these coatings, providing a "metal-like" behaviour.
Large amounts of polar groups and unsaturated fatty acids, which are readily available in the lubricant, like in high oleic sunflower oil, substantially improve the efficiency of the baseoil lubrication of "inert" DLC surfaces. The results suggest a simple "linear" proportion for this relationship.
Despite the obvious effect of the additives, base oils and doping elements on the wear and friction mechanisms, clear evidence of chemical interaction between the additives and the coatings were hardly found with the methods used. This will need to be investigated further by using other surface-sensitive analytical techniques and other physical-based mechanisms need to be considered.
